Abstract The second, internet-based multicenter study (MCSII) of the Spine Study Group of the German Association of Trauma Surgery (Deutsche Gesellschaft für Unfallchirurgie) is a representative patient collection of acute traumatic thoracolumbar (T1-L5) injuries. The MCSII results are an update of those obtained with the first multicenter study (MCSI) more than a decade ago. The aim of the study was to assess and bring into focus: the (1) epidemiologic data, (2) surgical and radiological outcome, and (3) 2-year follow-up (FU) results of these injuries.
patients were treated with combined posteroanterior surgery (COMBINED). 65% of patients with thoracic (T1-T10) and 57% with lumbar spinal (L3-L5) injuries were treated with a single posterior approach (POSTERIOR). 47% of the patients with thoracolumbar junction (T11-L2) injuries were either operated from posterior or with a combined posterior-anterior surgery (COMBINED) each. Short angular stable implant systems have replaced conventional non-angular stable instrumentation systems to a large extent. The posttraumatic deformity was restored best with COMBINED surgery. T-spine injuries were accompanied by a higher number and more severe neurologic deficits than TL junction or L-spine injuries. At the same time T-spine injuries showed less potential for neurologic recovery especially in paraplegic (Frankel/AISA A) patients. 5% of all patients required revision surgery for perioperative complications. Follow-up data of 558 (76.1%) patients were available and collected during a 30-month period from 1 January 2004 until 31 May 2006. On average, a posterior implant removal was carried out in a total of 382 COMBINED and POSTERIOR patients 12 months after the initial surgery. On average, the rehabilitation process required 3-4 weeks of inpatient treatment, followed by another 4 months of outpatient therapy and was significantly shorter when compared with MCSI in the mid-1990s. From the time of injury until FU, 80 (60.6%) of 132 patients with initial neurological deficits improved at least one grade on the Frankel/ASIA Scale; 8 (1.3%) patients deteriorated. A higher recovery rate was observed for incomplete neurological injuries (73%) than complete neurological injuries (44%). Different surgical approaches did not have a significant influence on the neurologic recovery until FU. Nevertheless, neurological deficits are the most important factors for the functional outcome and prognosis of TL spinal injuries. POSTERIOR patients had a better functional and subjective outcome at FU than COMBINED patients. However, the posttraumatic radiological deformity was best corrected in COMBINED patients and showed significantly less residual kyphotic deformity (biseg GDW -3.8°COMBINED vs. -6.1°P OSTERIOR) at FU (p = 0.005). The sagittal spinal alignment was better maintained when using vertebral body replacement implants (cages) in comparison to iliac strut grafts. Additional anterior plate systems did not have a significant influence on the radiological FU results. In conclusion, comprehensive data of a large patient population with acute thoracolumbar spinal injuries has been obtained and analyzed with this prospective internet-based multicenter study. Thus, updated results and the clinical outcome of the current operative treatment strategies in participating German and Austrian trauma centers have been presented. Nevertheless, it was not possible to answer
Introduction
There is no consensus on the best treatment for a vast number of different acute traumatic spinal injuries. Therefore, it is desirable to have a better understanding, explicit definitions, clear indications, and ''ideal treatment algorithm'' for traumatic thoracolumbar (T1-L5) spinal injuries. In the mid-1990s, the results of the first multicenter study (MCSI) of the Spine Study Group (SSG) of the German Association of Trauma Surgery (DGU) showed that there were limitations for isolated posterior instrumentation and fusion techniques in cases with a compromised anterior load-bearing column [41] [42] [43] . At the same time, the technically more demanding challenge of combined posterior-anterior surgery was ascertained. During the last decade, the operative treatment of spinal injuries has been advanced considerably: endoscopic and minimally invasive spinal surgery, interbody support implants, and computer-assisted intraoperative navigation have been successfully introduced and are being further developed at a fast pace [7, 30, 71] . In addition, different operative treatments may be applicable to the three different regions of the thoracolumbar spine: thoracic (T) T1-T10; thoracolumbar junction (TL) T11-L2; and lumbar (L) L3-L5. For a better understanding of the current treatment concepts and their clinical results, the SSG initiated its second, prospective, internet-based multicenter study (MCSII). The new study was designed to address the entire scope of operative treatment options. An online database was developed and evaluated for its capability as a tool for data acquisition in the setting of a large clinical prospective multicenter study [45] . In the following, we present the results of MCSII focusing on the epidemiology, operative treatment, and radiological findings of 733 consecutive patients with acute thoracolumbar spinal injuries. The maximum follow-up (FU) period was 30 months.
Aim of the study
The specific aims of this study were 1. To gather epidemiological data regarding the cause of injury, to calculate the incidence of thoracolumbar spinal injuries, and to collect specific comorbidities and neurological deficits. 2. To analyze treatments and radiological findings with regard to: the frequency of different operative treatments in the three spinal regions (T, TL, and L); the frequency and advantages and disadvantages of different surgical approaches, implants, and operative techniques; and the frequency of perioperative complications. 3. To collect FU data of specific treatment subgroups (POSTERIOR, ANTERIOR, and COMBINED) for a better understanding of the objective and subjective outcome.
Patients and methods
Primary data from a prospective consecutive case series of 733 patients from eight German and Austrian trauma centers covering the period from 1 January 2002 until 31 December 2003 were included.
Inclusion criteria
We included operatively treated (OP) patients with acute (\3 weeks after the time of injury), traumatic thoracolumbar lesions (T1-L5). We divided these patients into three subgroups based on the surgical procedure: isolated posterior procedure (POSTERIOR); isolated anterior procedure (ANTERIOR), and combined anterior-posterior surgery (COMBINED.)
Exclusion criteria
We excluded pediatric (B16 years of age) and non-operatively treated patients.
Follow-up criteria
A FU examination was scheduled 6 months or later for patients undergoing implant removal. Patients without implant removal should have been examined 1 year after the time of injury.
Data collection
The ''MEMdoc system (http://www.memdoc.org)'' is an online database system developed by the Institute for Evaluative Research in Orthopaedic Surgery at the University of Bern (former Department of Education and Documentation of the Maurice E. Mueller Foundation). It is based on the principle of an application service provider (ASP,) which means a centrally controlled application that is made available to all users via the Internet. The system handles different case report forms as online questionnaires with various sub-forms for every relevant step throughout the course of treatment and FU. We collected our data using the ''MEMdoc system.''
Hospital course
After admission to the hospital, an informed consent was obtained from patients and the following data collected:
• Admission data Date of injury, admission, surgery and revision procedures Cause of injury, initial neurological status (Frankel/ ASIA Score), VAS score before the time of injury. The modified Frankel/ASIA Scale [3] was used to grade the neurological deficits into five categories from A (complete neurologic deficit) to E (without neurologic deficits).
• Injury severity Abbreviated Injury Scale (AIS) and Injury Severity Score (ISS) 1 ) (0-75 points) was calculated [5] ;
• Type of injury Type of spinal injury, classified according to the AO/ Magerl classification, a comprehensive classification for thoracic and lumbar spine injuries [54] . In cases with multiple spinal injuries, the most severe level of injury was determined.
• Level of injury
T1-L5
• Analysis of pre-and postoperative radiographic and CT images:
The following radiological parameters were measured:
Vertebral body (VB) height: anterior and posterior vertebral wall of the most severely injured VB (mm), sagittal index (SI): the ratio of posterior and anterior vertebral wall height; posterior VB height of the adjacent cranial and caudal VB (mm)
Monosegmental Cobb angle between VB endplates (monoseg GDW) (°) (Fig. 3 Kyphotic deformity was defined as negative (-) and lordotic deformity positive (?).
• Details about the OP treatment Type of treatment Surgical techniques: approaches, implants, bone substitutes and fusion techniques, number of posterior or anterior instrumented and/or fused segments, decompression of the spinal canal, endoscopy, navigation, kypho-/vertebroplasty, OR-, and beam-on time of intraoperative fluoroscopy, and estimated blood loss Intraoperative complications: general, surgical, and neurological complications with or without operative revision, such as hemorrhage, inadvertent dural tear, iatrogenic spinal cord, nerve root injury, internal organ injury, revision of screw placement, conversion from endoscopic to open access procedure, and others.
• Discharge data Date and neurological status (Frankel/ASIA Score) at discharge from hospital Follow-up course At least one complete FU examination was required. Nevertheless, the online database allowed for the documentation of subsequent FU visits as well. Besides objective FU parameters, we collected information on subjective back function, health-related quality of life, and social-and work-related rehabilitation process:
• Follow-up data (FU) Data security was maintained using 128-bit encryption technology, controlled access, regular data base back-ups, mirrored server technology, and physical protection of machines [45] . The Study Administrator de-identified patients' and surgeons' names prior to any further evaluation. 
Epidemiology

Demographic data
The study population consisted of 487 (66.4%) male and 246 (33.6%) female patients. The overall average patient age at the time of injury was 41 years (range 16-89 years). The patient distribution by age groups was 16-20 years n = 80 (10.9%), 21-40 years n = 298 (40.7%), 41-60 years n = 252 (34.4%), and more than 61 years n = 103 (14.1%).
Cause of injury
The most common causes of injury were ''fall from a height'' (n = 225), motor vehicle accidents (n = 173), and ''simple falls'' (n = 116) (Fig. 1) (Fig. 2) . The distribution of fracture types varied according to the level of injury with more B and C type injuries at the T-spine level (Table 1) . Multilevel injuries were uncommon: 61 patients (8.3%) sustained injuries of more than two adjacent motion segments: and 42 (5.7%) patients had injuries of non-adjacent motion segment. The majority of 630 patients (85.9%) suffered from mono-or bisegmental spinal injuries. T12   T11   T10   T9   T8   T7   T6   T5   T4   T3   T2   T1 n=145; 19.8% n=491; 67.0% n=97; 13.2% Fig. 2 Frequencies and level of the most severe injury (n total = 733) 
Concomitant injuries
The anatomical region and severity were graded according to the Abbreviated Injury Scale (AIS 
Treatment and radiological findings
Operative procedure
The surgical treatment for these injuries was POSTERIOR 380 (51.8%), ANTERIOR 34 (4.6%), and COMBINED 319 (43.5%). Table 3 summarizes surgical technique, level of injury, fracture classification, neurological status, and other relevant parameters. POSTERIOR procedures were carried out more often in T-spine injuries 65% than TL junction 47% and L-spine injuries 57% (p = 0.002). Equal numbers of COMBINED and POSTERIOR treatments, 47% were used for TL-junction injuries.
Timing and hospital stay
The majority of patients were admitted on the day of injury with a median of 2 days (SD 5.1) between the injury and first surgical intervention. 32 patients received a single posteroanterior procedure (COMBINED) within 3 days of injury. The majority, 287, COMBINED patients were treated with a two-staged procedure: posterior surgery on average 2 days after injury followed by a second anterior procedure 9 days after injury. The average hospital stay for all OP patients was 19 days: POSTERIOR 14 days, ANTERIOR 18 days, and COMBINED 24 days. The delay until surgery was significantly longer for compression fractures than distraction and rotation injuries: 3 days (type A), 2 days (type B), and 1 day (type C) (p \ 0.001).
Implants and instrumentations
Posterior Angular stable posterior implants were used in 330 (87%) cases in combination with 281 (73.9%) additional transverse stabilizers in 58 patients with T-spine, 180 TL junction, and 43 L-spine injuries. For the POSTERIOR patients, 275 had one to two motion segments injured [T-spine n = 59 (63.4%), TL junction n = 30 (13.2%), L-spine n = 7 (12.8%)], and 96 more than two motion segments injured. Cancellous and cortical autologous bone graft from the posterior iliac crest was used for posterior spondylodesis at the T-spine level in 41.5%, TL junction 16.9%, and L-spine in 18.2% of the cases. A ''trauma'' PLIF (posterior lumbar interbody fusion) was used in 36 patients with TL junction (n = 30), or L-spine injury (n = 6).
Combined Angular stable implants were used for the posterior instrumentation in 312 (97.8%) patients. No significant difference between COMBINED and POSTERIOR patients was seen with regard to the extent of the spinal injury assessed by the number of treated motion segments [COMBINED 258 (80.9%) 1-2 motion segments, 48 (15.1%) 3-4 motion segments, and 13 (4.1%) cases with up to a maximum of 6 motion segments)]. Posterior spondylodesis were used in 78 (24.5%) of COMBINED cases.
Anterior A total of 353 anterior procedures were done in the ANTERIOR or COMBINED treatment groups. A lessinvasive thoracoscopic approach was used in 238 (67.4%) cases, instead of conventional thoracotomies (n = 29, 8.2%), lumbotomies (n = 51, 14.4%), thoracophrenolumbotomies (n = 8, 2.3%), or other non-specified anterior approaches (n = 19, 5.4%). In 230 (65.1%) of these patients, the extent of injury was 1 (n = 75), 2 (n = 155), 3 (n = 7), or 4 (n = 11) motion segments. Treated levels were missing for 105 (29.7%) cases. Anterior angular stable plates were used in 184 patients for T-spine (n = 31), TL junction (n = 133), and L-spine (n = 1) injuries. ANTERIOR spondylodesis bridged one (n = 133, 37.7%), two (n = 135, 38.2%), three (n = 3, 0.8%), or four (n = 2; 0.6%) motion segments (missing n = 5, 1.4%). The most common donor site for autologous bone grafts was the anterior (n = 137; 38.8%) or the posterior (n = 40; 11.3%) iliac crest. Interbody support implants (cages) were used in 188 patients. Two hundred fifteen anterior interbody fusions were performed with autologous bone grafts (n = 84) or cages (n = 131) in combination with an anterior plate system. Standalone interbody fusions were done in 117 cases with bone grafts (n = 67) or cages (n = 50) alone (missing n = 21).
Operative details
The average OR time in COMBINED was significantly longer 298 min (T-spine Operative treatment of T-spine injuries was associated with more radiation exposure in all three treatment subgroups. In 95 (13%) patients, computer-assisted surgery was used for intraoperative navigation. A cellsaver Ò was used in 361 (49%) of the cases. The average blood loss of 958 ml (20-5,300 ml, n = 170) was highest in COMBINED.
Surgical decompression
The relative traumatic spinal canal encroachment was measured (%) with the help of CT or MRI images. Data from 508 (69.3%) of 733 patients were available with T-(n = 72), TL junction (n = 364), or L-spine injury (n = 72). The average spinal canal encroachment was 35.6% (range 5-95%) of the unaffected spinal canal diameter at the level of injury with 36.5% at the T-spine, 34.1% TL junction, and 42.3% at the L-spine. The RR to suffer from neurological deficits (ASIA A-D) was 3.5 higher in cases with spinal canal encroachment in comparison to patients without spinal canal encroachment (p \ 0.001). The spinal canal encroachment (%) correlated significantly with the neurological status at the time of admission to the hospital (p \ 0.001). For patient with T-spine injuries and spinal canal encroachment, 51.4% had neurologic deficits, as compared to 26.1% with TL junction, and 30.6% with L-spine injuries. Fifty-five patients with a complete neurologic deficit showed 70% (T-spine 60%, TL junction 75%) spinal canal encroachment at the time on admission to the hospital. On average, 92 patients with incomplete neurologic deficits showed 50% (T-spine 35%, TL junction 60%, and L-spine 60%) of spinal canal encroachment. In 358 patients without neurological deficits, the median spinal canal encroachment was 20% (T-spine 10%, TL junction 20%, L-spine 30%). Intraoperative myelography was used in 27 cases. Eighteen patients required surgical dural repair of a traumatic dural tear. Surgical decompression was performed from posterior (n = 171), anterior (n = 76), or both sides (n = 40). Preand postoperative spinal canal encroachment did not show significant differences between surgical techniques POS-TERIOR (38.2 vs. 19.1%), ANTERIOR (16.8 vs. 9.6%), or COMBINED (43.1 vs. 19.9%) (p = 0.523).
Complications
Nine patients died from life threatening severe other than spinal injuries (AIS C 4). Three patients were in the age group 21-40 years, two 41-60 years, and four patients greater than 60 years of age. The exact cause of death was not noted other than two patients having pulmonary emboli.
The perioperative course was uneventful for 623 (85%) out of 733 patients [T-spine n = 112 (77.2%), TL junction n = 426 (86.8%), L-spine n = 85 (87.6%)] (missing n = 5, 0.7%).
One hundred five (14.3%) patients sustained intraoperative [n total = 56 (7.7%): TS 17 (11.7%), TL junction 29 (5.9%), LS 10 (10.3%) or postoperative (n total = 69 (9.4%): TS 21 (14.5%), TL junction 42 (8.6%), LS 6 (6.2%)] complications. 39 (5.3%) patients required surgical revision for their complications [T-spine 13 (8.2%), TL junction 20 (3.7%), L-spine 6 (5.4%)] (missing n = 231) ( Table 4 ). The incidence of intraoperative complications was significantly higher in COMBINED (10.7%; n = 34) than POSTERIOR patients (5.9%; n = 22) (p = 0.021).
Intraoperative complications Hemorrhage was the most common complication in COMBINED (n = 25) and POSTERIOR (n = 10) subgroups (p = 0.002). Malpositioned pedicle screws had to be revised in 18 cases with T-spine (n = 7), TL junction (n = 7), or L-spine (n = 4) injuries. Endoscopic approaches were converted to open surgery in six cases and eight patients suffered from miscellaneous complications.
Postoperative complications Documented within the database were 10 postoperative infections, 14 (1.9%) wound healing problems, 7 (1%) thrombosis/emboli, a total of 14 (2%) malpositioned implants of those 5 were located at the T-spine, 7 at the TL junction, and 2 at the L-spine. In 8 (1.1%) cases, a loss of correction was noticed and 24 (3.3%) were miscellaneous complications. One patient deteriorated and had a worse outcome on the Frankel/ASIA Scale than on admission. The potential for improvement of the initial neurological deficit was greater in incomplete lesions at the TL junction than complete neurological deficits at the T-spine.
Radiological findings and treatment groups during hospitalization
The pre-and postoperative sagittal spinal alignments were measured as the mono and bisegmental Cobb angles ( 
Complications during the FU period
Complications were reported in 52 (9.1%) patients during the FU period after POSTERIOR (n = 39), ANTERIOR (n = 4), or COMBINED (n = 9) surgery. Twenty-three patients had complications within 1-2 years after the initial treatment. Eighteen patients had revision surgery for 11 infections, 1 pleural effusion, 1 seroma, 1 infection with the implant removal, 2 loss of correction/implant failure, 1 hernia, and 1 implant cut out. Thirty-four patients with complications were managed non-operatively for: 2 infections, 10 losses of correction/implant failure, severe pain, persistent drop-foot, cerebrospinal fluid fistula, decubitus after rehabilitation, hematoma after implant removal, or adjacent fracture. Other implant associated complications reported were misplaced screw, implant loosening, four broken pedicle screws, and two dislocations. Complications following the implant removal were nerve/spinal cord injury, dural tear, and three broken pedicle screws left in situ.
Neurological course during FU
The neurological status of 557 (99.8%) patients was assessed at least once or subsequently several times throughout the 2.5-year FU period (missing n = 1). In cases with more than one FU visit, the most recent outcome was considered for further analysis. Neurological FU data were obtained during the period between 1 and 2 years after the injury in 58% of cases. 20 .6% had frequent difficulties with minor limitations (50%), 5.2% had frequent severe difficulties or pronounced limitations (25%), and 1.6% reported permanent, major, and disabling back problems (0%). Full back function was regained in 24% of the patients after POSTERIOR, 14% ANTERIOR, and 17% COMBINED (p = 0.005) surgery. With regard to the level of injury, full back function (100%) was reported in 17% after T-spine, 23% TL junction, and 14% L-spine injuries (p [ 0.05). The comorbidity at the donor site of autologous bone grafts at the iliac crest was evaluated by an ordinal scale of 1-5: 175 (56%) of 311 patients reported no difficulties at the donor site (100%), 56 (18%) reported minor difficulties every now and then (75%), 25 (8%) had frequent difficulties with minor limitations (50%), and 1 patient complained of frequent, severe difficulties or pronounced limitations (25%). No pain or morbidity by the posterior access to the spine (100%) was noted by 300 (56.7%) of the patients, 33.8% (n = 179) had minor difficulties every now and then (75%), 6% (n = 40) had frequent difficulties with minor limitations (50%), 1.5% (n = 8) had frequent, severe difficulties or pronounced limitations (25%), and 1 patient (0.2%) complained of disabling limitations (0%) (missing n = 1). According to the level of injury, there were 49.5% of patients with T-spine, 60.2% TL junction, and 51.3% L-injuries without complaints of comorbidities by the posterior access (p [ 0.05). Odds ratio for patients with 1-2 level injury without complaints from the posterior approach (59%) was higher than in patients with [2 level injuries and a larger surgical approach (45.1%) (p = 0.007). With an anterior approach, 61.2% (n = 170) of the patients had no complaints (100%), 30.2% (n = 84) had minor difficulties every now and then (75%), 6.5% (n = 18) had frequent difficulties with minor limitations (50%), 1.8% (n = 5) had frequent, severe difficulties or pronounced limitations (25%), and 1 patient (0.4%) complained of disabling limitations (0%) (missing n = 1). In addition 57.1% of patients with T-spine, 62.6% TL junction, and 57.9% L-spine injury had no complaints about any comorbidity from the anterior approach at FU (p [ 0.05). The relative frequency of patients without complaints (100%) in conjunction with a minimally invasive endoscopic anterior approach (n = 104, 63.8%) was higher than open anterior surgery (n = 10, 55.6%).
VAS spine score
The VAS spine score (0-100 points) is a self-reporting tool to measure subjective back functioning [44] . Table 6 shows the summary of the VAS spine score results and score loss throughout the course of treatment and level of injury. A significant correlation was observed between a greater fingertip-floor distance (cm) and less points in the VAS spine scores at FU (r = 0.079, p \ 0.001). No significant correlations were found between radiological measurements (mono-and bisegmental GDW) and VAS spine scores.
Rehabilitation: occupation and recreational activities
Occupation before the time of injury was reported by 543 (97.3%) patients returning for FU. The relative frequency of patients involved in jobs with physical activity was 30.5%, 16.7% were unable to work or unemployed, and 21% had a sedentary job or did light physical labor (29.2%). The relative frequency of COMBINED patients engaged in jobs with physical activities (33%) was higher than in POSTERIOR patients (30%). At the same time, COMBINED patients (12.4%) were less likely to be retired or unable to work than POSTERIOR patients (22.2%) (p = 0.001). The relative frequency of polytraumatized patients available for FU within different surgical subgroups was POSTERIOR 12.9%, ANTERIOR 3.1%, and COMBINED 10.8%. The median period of disability from work of 323 (57.9%) patients was 4 months. The level of injury did not have a significant influence on the disability time from work, but patients with neurological deficits were absent from work 9 months as compared to 5 months of those without neurological deficits (p \ 0.001). Patient's status with regard to the rehabilitation into work life (0, 25, 50, 75, or 100%) was assessed: 180 (32.3%) patients were fully rehabilitated and had returned to their previous occupation (100%), 92 (16.5%) returned to their same occupation with minor impairment (75%), 32 patients (5.7%) had to change jobs due to the injury (50%), 7 (1.3%) patients had significant impairments despite a job chance (25%), and 12 (2.2%) patients remained unfit to work or filed for early retirement (0%). 71.1% of patients with a sedentary occupation were fully rehabilitated (100%) into their previous jobs as compared to 38.9% of those involved in physical labor. Fully rehabilitated patients into work life occurred in 49.2% of T-spine, 58.7%, TL junction, and 48 .6% L-spine injury. Figure 4 displays the work status after POSTERIOR and COMBINED treatment at FU. A total of 557 patients reported on their activity level during leisure time at FU, most data being obtained (n = 324) during the time period 1-2 years after the injury: 141 (25.3%) patients were able to return to the same recreational activities before the time of injury (100%); 237 (42.5%) participated in the same activities with minor limitations (75%); 139 (24.9%) had major limitations and changed activities during leisure time (50%); 22 (3.9%) were only capable of every day activities without additional activities during their leisure time (25%); and 18 (3.2%) were dependent on someone's help or were in the need for care (0%). Repetitive measures of 196 patients showed improvement over time with regard to relative frequency of patients enjoying an unrestricted activity level during their leisure time (100%) from 16.8% after 6-12 months, 22.1% after 1-2 years and 38.1% after more than 2 years after the time of injury. Overall, 25.3% (n = 141) of the patients regained a (100%) activity level at their last FU. POSTERIOR (n = 87 (31.2%) surgery rendered more patients fully functional during their leisure time than COMBINED [n = 50 (20.1%)] surgery (p = 0.001). Patients without neurologic deficits were more likely to regain 100% of their activity level than patients with neurologic deficits [OR 5.7 (p \ 0.001)].
Radiological measurements
A detailed listing of the radiological measurements of the bisegmental Cobb angles (GDW) is presented with regard to surgical technique and level of injury at FU ( Table 7) . The postoperative correction of radiological malalignment and loss of correction at FU was calculated as the difference between FU and postoperative measurements. No significant differences or changes in the scoliotic deformity (SW) were observed over time or between treatment subgroups.
Sagittal profile
The traumatic kyphotic deformity was corrected in all three OP subgroups (Fig. 5) . At the time of injury, the kyphotic deformity varied according to the level of injury with an average of -20°at the T-spine, -10°TL junction, and 12°a t the L-spine. Postoperative measurements were -14°T -spine, -1°TL junction, and 18°L-spine resulting in a correction of 6°at the T-spine, 9°TL junction, and 5°at the L-spine. At FU, the average biseg GDW was -19°T-spine, -6°TL junction, and 14°L-spine correspond to a loss of correction of -5°T-spine, -5°TL junction, and -3°L -spine. COMBINED treatment showed the best radiological results at all levels of injury with less loss of correction (T-spine -3.6°, TL junction -3.6°, L spine -3.1°). The FU results after POSTERIOR treatment (T-spine -18.7°, TL junction -6.6, L spine 12.8°) showed more residual kyphotic deformity than COMBINED treatment (T-spine -17.4°, TL junction -4.9°, L spine 14.8°). Multivariate analysis (ANOVA) was carried out with consideration of different distributions of fracture type, patient age, level of injury, and deformity at the time of 
Matched-pair analysis of ANTERIOR vs. COMBINED surgery
A matched-pair analyses was done for the comparison of compression (type A) fractures after isolated ANTERIOR treatment with a bone graft or cage and anterior plate (n total = 31) versus COMBINED posteroanterior treatment with a bone graft or cage without anterior plate (n total = 122). A frequency match with the following criteria resulted in two identical groups with a 1-2 ratio (ANTERIOR n = 19 to COMBINED n = 37):
• compression injuries (Magerl/AO type A);
• no neurologic deficits (Frankel/ASIA E);
• TL-junction injuries;
• patient age 21-60 years;
• FU [6 months.
Significant differences between subgroups included the intraoperative average blood loss of 400 ml in ANTERIOR surgery versus 675 ml COMBINED and superior postoperative radiological correction of the traumatic deformity with COMBINED (GDW biseg 3.5°) than ANTERIOR (GDW biseg -5°) surgery (p \ 0.05).
Discussion
During the last decade, treatment options for thoracolumbar spinal injuries have changed considerably. Less-invasive approaches and new implant designs have been developed and broadened the spine surgeon's therapeutic options. As a consequence, the Spine Study Group of the German Association of Trauma Surgery initiated the second, prospective multicenter study (MCSII). The aim of this study was to address recent changes in spinal surgery to supplement the 1994-1996 MCSI results [41] [42] [43] , and to redefine the ''state-of-the-art'' of TL spinal injury treatment in German-speaking countries. Data collection was accomplished with a new, internet-based application [45] ; 733 consecutive patients receiving operative treatment from eight trauma centers were included during a 24-month period. Up to now, there are only two large prospective multicenter studies published on treatment of thoracolumbar spinal fractures [31, [41] [42] [43] . A multicenter study is a logistic challenge and requires detailed planning, close monitoring, and a motivated study group. In compliance with these requirements, multicenter studies allow for the recruitment of larger, thus more representative study populations than individual case series or retrospective literature reviews [23, 83] . A newly developed database system was evaluated and used to collect all study parameters [45] . Nevertheless, the authors believe that the system can be improved and can become more efficient, when enhanced by routines that will facilitate the data input and allow for a better data backflow to individual participating centers and the clinical study administration. Hu et al. [37] detected 944 patients with spinal injuries in an insurance database (MHSIP) of patients admitted to hospital over 36-month time period. The gender ratio was $60: #40 of rather young male (2nd and 3rd life decade) and older female patients (6-7th life decade). According to this and the literature, the typical traumatic spinal injury in male patient is 60-70% of the cases and 30-40 years of age [31, 41, 83] . Because of the characteristic distribution of several typical key parameters, e.g. patient age, gender distribution, and level of injury, this study population is representative for patients with acute traumatic spinal injuries and can be as compared to those of similar studies [31, 76, 78] . Over time a slight increase in the average patient age (MCSI 39 vs. MCSII 41 years) can be detected and is in accordance with other literature [39] and databases [80] resulting in an average age for patients with traumatic spinal injuries of 28.6 years between 1973 and 1977, and 33.5 years between 1982 and 1989 [16] . During the years of 1997 until 2001 and in a Canadian population, Pickett et al. [64] calculated an average patient age of 42 years. In the pertinent literature high-energy trauma ''fall from a height'' (40-60%) and ''motor vehicle accidents'' (25-40%) are described as the main causes of injury [10, 31, 39, 41, 63] . A high-energy trauma usually correlates with a higher incidence of more severe type B and type C spinal injuries [54] . More recently, the so-called ''simple'' falls at ground level has become the second leading cause of injury with increasing numbers of elderly patients sustaining traumatic spinal injuries. In the 1970s, 16.5% of traumatic spinal injuries with neurologic deficits were caused by simple falls and have increased up to 23.8% in the early 2000s [39] . Appropriate precautionary measures to avoid simple falls in geriatric patients are essential [53] and should be addressed specifically to prevent this source of spinal injuries in the near future [64] . The most exposed levels of traumatic spinal injuries are the thoracolumbar junction and mid-thoracic spine (T5-T7) [31, 41, 54] .
Until the 1990s, the focus of interest was mainly on posterior stabilization techniques [83] , whereas anterior [21, 38, 40] and combined procedures [6, 22, 74] were spotlighted during the past two decades. This trend was reflected by the numbers from 1994 to 1996 MCSI and this study showing a continuous increase in combined surgery for TL-junction injuries from 34% (MCSI) up to 47% (MCSII). At the same time, less-invasive procedures, e.g. endoscopic procedures and intraoperative navigation, have further broadened the therapeutic spectrum.
In this study, angular stable implants were used in 87% of the posterior and 55% of anterior surgical procedures. This trend can be explained as a result of the superior biomechanical properties of angular stable plate or rod systems when compared with conventional implants [34, 52] . In this context, the relevance of newly developed screw designs and their configuration within the VB have to be considered as well [33, 72, 75] . New expandable anterior devices can be implanted via thoracoscopic approaches; thus, reducing the perioperative morbidity and pain with better lung function as compared to conventional thoracotomies [8, 15, 50, 65] . Evidence-based guidelines for thoracolumbar fracture treatment are desirable, but scarce in the pertinent literature [82] . Instead, the treatment recommendations for burst fractures (AO/Magerl type A3) will vary and cover the complete therapeutical spectrum from non-operative to rather sophisticated combined posteroanterior surgical reconstruction techniques [1, 56, 57, 82] . Danisa et al. [21] compared unstable burst fractures at the TL junction without neurological deficits after anterior, posterior and combined instrumentations. They found significantly less OR time, less intraoperative blood loss and superior cost-effectiveness in favor of the posterior instrumentations with similar results of the remaining postoperative radiological deformity, pain, and rehabilitation time. POSTERIOR and COMBINED patients of this study did not show significant differences with regard to age and gender distribution, although higher numbers of the more severe injuries (AO/Magerl type B/C) with neurological deficits were located in the COMBINED subgroup.
Overall, neurologic deficits in TL spinal injuries occur in 22-45% of the cases [23, 31, 35, 54] and have a strong impact on the overall prognosis and patient outcome. In the literature, there are no specific recommendations on how and when to address spinal canal encroachment from retropulsed bony fragments and some authors do not directly relate posttraumatic neurologic deficits to spinal canal encroachment [4, 20, 62, 66] . In a meta-analysis of 275 publications, Boerger et al. found that surgical decompression of the spinal canal solely to attempt to improve neurological deficits would not be justified [11] . Nevertheless, patients of this study with a pronounced spinal canal encroachment did have a significantly higher risk of neurological deficits and confirmed by a majority of relevant literature [25, 55, 61, 81] . Experimental [17, 24, 77] and clinical studies [19, 27, 49, 68] substantiated that a rapid surgical decompression and spinal canal clearance from bony fragments in patients with incomplete neurological deficits renders beneficial results with a better outcome [12, 40, 55] .
Mono-and bisegmental Cobb angles are reliable parameters for the assessment of the radiological or sagittal spinal alignment throughout the course of treatment [48] . This study showed better correction of the posttraumatic deformity and favorable radiological FU results after COMBINED surgical treatment to the POSTERIOR or ANTERIOR surgical subgroups.
The spectrum of observed intra-and postoperative complications in spinal surgery has been reported before [70] . Overall, 83% of the cases remained uneventful and without complications until FU. Both MCS revealed a higher complication rate after COMBINED [15.1% (MCSII) vs. 13.7% (MCSI)] than POSTERIOR [11.7% (MCSII) vs. 14.1% (MCSI)] surgery. A realistic estimate of perioperative complication in spinal surgery is thus 15% and supported by findings of other pro- [67] and retrospective studies [70, 83] .
558 (76%) of 733 patients could be recruited for at least one or more than one consecutive FU examinations during the 30-month period of time.
The average time of inpatient rehabilitation was 3-4 weeks followed by 4 months of outpatient rehabilitation. One decade ago, rehabilitation periods were significantly longer with 6 weeks inpatient rehabilitation and 11 months outpatient rehabilitation [43] . Possible explanations for the shortening of the registered time period for rehabilitation programs could have either medical reasons, e.g. an improved treatment, or could be attributed to non-medical factors as well, e.g. a more restrictive granting of funds by governmental medical sponsors and/or private insurance companies. It is possible that patients with neurological deficits or polytraumatized patients require longer rehabilitations to recover from their injuries [35, 36] . During hospitalization, the numbers of patients with neurologic deficits decreased from 21 to 14%. In the pertinent literature, recovery rates range from 17 to 100% after incomplete and 0-100% after complete neurologic deficits [23, 28, 43, 83] . In this study, 73% (69 out of 95 patients) recovered from incomplete neurologic deficits, respectively 44% (12 out of 27 patients) from complete spinal cord injury (Frankel/ASIA A). Recovery from neurologic deficits was slightly higher after COMBINED (61.3%; 46 out of 75 patients) as compared to POSTERIOR treatment (59.6%; 34 out of 57 patients). When looking at neurological recovery, the severity of the initial neurologic injury [83] , as well as the time interval between the injury and first decompression should be considered [18, 69] . A traumatic spinal injury with neurologic deficits is a complex, multifactorial event usually adhering to multiple biological and pathomechanical determinates, making it difficult to determine the true impact of a specific surgical technique with regard to neurologic recovery. Some authors report a better neurologic outcome after anterior decompression [14, 32, 47, 55] , while others did not find statistically significant differences [21, 26, 83] . Up till now, the authors are not aware of strong support in favor of a particular surgical technique with superior results in terms of better neurologic recovery.
Different psychometric scores have been developed to measure the clinical success of treatment methods besides established objective clinical parameters to allow for better, indepth subjective assessment from the patient's point of view [13] . In this study, the VAS spine score was chosen to measure the subjective functioning after spinal injuries. Statistically significant differences between COMBINED and POSTERIOR subgroups at FU were found after injury at the T-spine level only. 1-2 years after the initial injury on average 19% of the patients (24% POSTERIOR and 17% COMBINED) regained their full and unrestricted back function, 25% (31% POSTERIOR and 20% COM-BINED) were able to participate at the same activity level during leisure time, and 32% had resumed the same job before the time of injury without limitations. McLain et al. reported 70% of patients after significant traumatic TL spinal injury and posterior surgery being able to maintain full time employment 5 years after the injury; of those patients 54% remained on the same job and 16% had to change jobs [58] . This study showed that a persistent neurologic impairment is the most important predictor of the overall functional outcome after acute traumatic thoracolumbar spinal injury. In accordance with our findings, the magnitude of the neurologic injury correlated significantly with the reintegration to work as well (p \ 0.00005) [58] . In a prospective randomized study Korovessis et al. compared COMBINED with isolated POSTERIOR surgery for type A3 burst fractures of the middle lumbar spine (L2-L4). Their findings indicated better functional outcome in the SF36 role physical scale SF36 (p = 0.05) and bodily pain scale (p = 0.06), shorter OR time, less blood loss and less perioperative complications after posterior surgery.
Nevertheless, Korovessis et al. [46] recommended COM-BINED surgery for A3 burst fractures because POSTER-IOR treatment alone was not able to maintain the surgically achieved correction. Dickman et al. in a meta-analysis of 58 publications did not find differences in the functional outcome and pain after combined or posterior treatment for TL spinal injuries [23] , nor did Danisa et al. [21] in their study in terms of pain and reintegration into work life. The comparison of ANTERIOR vs. COMBINED surgery for type A compression fractures in this study did not demonstrate significant differences of the subjective or functional outcome, but favorable radiological results with a better realignment of the sagittal profile following COM-BINED surgery. Meta-analyses and literature reviews of the radiological outcomes after surgery for TL injury are limited [23] , or showed similar findings of approximately 10°loss of correction after long-, short-posterior or combined surgery as well [83] . A higher primary and overall construct biomechanical stability of a combined posteroanterior stabilization might imply the significant better radiological results after COMBINED surgery [9, 73] . Esses et al. [26] looked at ANTERIOR vs. POSTERIOR instrumentations, and found that posterior instrumentations (11.3°) were superior to anterior instrumentation (9.3°) for the reconstruction of the sagittal profile with less remaining kyphotic deformity at a 12 months (12-20 months) FU, but without statistical significance. Been et al. [6] compared long-term results after 6 years of posterior vs. combined instrumentations and found no clinical-functional differences between both the groups, but a higher rate of implant failure and more loss of correction after posterior surgery alone. Several studies have highlighted the importance of a sufficient reconstruction of the anterior load-bearing column as a precaution to prevent a secondary loss of correction and implant failure [51, 59, 60, 79] . For these reasons and based on this study's finding, the concept of combined posterior-anterior (COMBINED) surgery for the treatment of Magerl type B, C and type A3 compression injuries that are perceived to be insufficient to resist a physiological axial load has become increasingly established within members of the German Spine Study Group during the past 10 years. This trend is reflected by an increasing number for COMBINED surgery when comparing MCSI and MCSII. There is a controversy about the use of artificial VB replacement implants (cages) or autologous strut grafts. In this study, less loss of correction was observed when using cages as compared to bone grafts. Despite some technical advances in recent expandable cages [71] , it remains the surgeon's preference and individual decision in favor of cages or bone graft when in need for anterior vertebral column support due to a lack of long-term results for any of the latest titanium cages. The relevant comorbidity and complications at the donor site of autologous bone grafts should be considered [29] . In accordance with the findings of Wang et al. [84] , we did not see significant influence of POSTERIOR spondylodesis on the radiological FU results. Wang et al. [84] found that in cases with short-posterior instrumentations, a shorter OR time, less blood loss and no additional comorbidity due to the harvest of autologous bone graft would be beneficial. This study showed that short angular stable posterior pedicle screw instrumentation systems have replaced longer hock and rod constructs or plate systems. Short instrumentations in 1-2 motion segment injuries rendered less patient complaint at the surgical access site than in patients with multi-segment instrumentations ([2 motion segment injuries).
In summary, our study showed (1) better radiological FU results after combined posterior-anterior surgery (COMBINED) but (2) better clinical, functional outcome after posterior surgery (POSTERIOR) alone. Possible explanations for these findings could include the higher patient number of more severe type B and type C injuries with a higher incidence of concomitant neurological injuries, or the higher morbidity of a combined surgical approach. It remains questionable if better radiological results, e.g. a better reconstruction of the physiological spinal alignment will eventually become significant with regard to the subjective outcome on a long-term basis over years to come. The MCSII findings do not allow for distinct or evidence-based treatment recommendations, but represent a comprehensive update of today's common clinical practice in eight large trauma centers involved with the operative care for acute thoracolumbar spinal injuries. Randomised multicenter study designs with access to similar large patient numbers will be needed to find the answers and solutions to remaining questions for an improved care of patients with in the future.
Summary and conclusions
The second, internet-based multicenter study (MCSII) of the Spine Study Group of the German Association of Trauma Surgery (Deutsche Gesellschaft für Unfallchirurgie) is a representative patient collection of acute traumatic thoracolumbar (T1-L5) injuries. The MCSII results are an update of those obtained with the first multicenter study (MCSI) more than a decade ago. The aim of the study was to assess and bring into focus: (1) epidemiologic data, (2) surgical and radiological outcome, and (3) 2-year FU results of these injuries.
According to the Magerl/AO classification, there were 424 (57.8%) compression fractures (A type), 178 (24.3%) distractions injuries (B type), and 131 (17.9%) rotational injuries (C type). B and C type injuries carried a higher risk for neurological deficits, concomitant injuries, and multiple vertebral fractures. The level of injury was located at the thoracolumbar junction (T11-L2) in 67.0% of the case. 380 (51.8%) patients were operated on by posterior stabilization and instrumentation alone (POSTERIOR), 34 (4.6%) had an anterior procedure (ANTERIOR), and 319 (43.5%) patients were treated with combined posteroanterior surgery (COMBINED). 65% of patients with thoracic (T1-T10) and 57% with lumbar spinal (L3-L5) injuries were treated with a single posterior approach (POSTER-IOR). 47% of the patients with thoracolumbar junction (T11-L2) injuries were either operated from posterior or with a combined posterior-anterior surgery (COMBINED) each. Short angular stable implant systems have replaced conventional non-angular stable instrumentation systems to a large extent. The posttraumatic deformity was restored best with COMBINED surgery. T-spine injuries were accompanied by a higher number and more severe neurologic deficits than TL junction or L-spine injuries. At the same time, T-spine injuries showed less potential for neurologic recovery especially in paraplegic (Frankel/ AISA A) patients. 5% of all patients required revision surgery for perioperative complications.
Follow-up data of 558 (76.1%) patients were available and collected during a 30-month period from 1 January 2004 until 31 May 2006. On average, a posterior implant removal was carried out in a total of 382 COMBINED and POS-TERIOR patients 12 months after the initial surgery. On average, the rehabilitation process required 3-4 weeks of inpatient treatment, followed by another 4 months of outpatient therapy and was significantly shorter when compared with MCSI in the mid-1990s. From the time of injury until FU 80 (60.6%) of 132 patients with initial neurological deficits improved at least one grade on the Frankel/ASIA scale; 8 (1.3%) patients deteriorated. A higher recovery rate was observed for incomplete neurological injuries (73%) than complete neurological injuries (44%). Different surgical approaches did not have a significant influence on the neurologic recovery until FU. Nevertheless, neurological deficits are the most important factors for the functional outcome and prognosis of TL spinal injuries.
POSTERIOR patients had a better functional and subjective outcome at FU than COMBINED patients. However, the posttraumatic radiological deformity was best corrected in COMBINED patients and showed significantly less residual kyphotic deformity (biseg GDW: -3.8°COM-BINED versus -6.1°POSTERIOR) at FU (p = 0.005). The sagittal spinal alignment was better maintained when using VB replacement implants (cages) in comparison to iliac strut grafts. Additional anterior plate systems did not have a significant influence on the radiological FU results.
In conclusion, comprehensive data of a large patient population with acute thoracolumbar spinal injuries has been obtained and analyzed with this prospective internetbased multicenter study. Thus, updated results and the clinical outcome of the current operative treatment strategies in participating German and Austrian trauma centers have been presented. Nevertheless, it was not possible to answers all remaining questions to contradictory findings of the subjective, clinical outcome and corresponding radiological findings between different surgical subgroups. Randomized-controlled long-term investigations seem mandatory and the next step in future clinical research of Spine Study Group of the German Trauma Society.
